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Summary
Persistent dorsal displacement of the soft palate (pDDSP) is a relatively rare equine disorder..  This case series reports clinical histories and findings in 8 cases of pDDSP and outcome after treatment of concurrent epiglottic entrapment (EE, n=3), following  laryngeal tie-forward (n=6) +/-  laser staphylectomy (n=2), and/or sectioning of mucosa ventral to the epiglottis the hyoepiglotticus muscles (n=2).    Four of 6 horses that underwent tie-forward +/- laser staphylectomy had complete resolution of pDDSP and returned to their previous level of work, as did one horse that had sub-epiglottic ‘releasing’ incisions.   Correction of concurrent epiglottic entrapment In 3 horses with pDDSP ,EE  did not result in resolution of pDDSP in any case. Previous laryngeal surgery including laryngoplasty and ventriculocordectomy appear to be risk factors for development of pDDSP.

Introduction
Persistent dorsal displacement of the soft palate (pDDSP) has been defined as a dorsally displaced soft palate observed endoscopically in the resting horse, with no, or only brief replacement of the soft palate into its correct anatomical (sub-epiglottic) position despite attempts to swallow (Sullivan and Parente 2003, Ortved et al. 2009. Barnett et al. in press).  Its aetiology is often unknown, but pDDSP  is commonly reported as a long term sequel to sub-epiglottic surgery in racehorses (Ortved et al. 2009), presumably due to fibrosis/cicatrix formation of the sub-epiglottic soft tissues  (Jann and Cook, 1985).  To date, only one case series of 15 horses has been published on this disorder (Ortved et al. 2009).  Prior to that study), pDDSP had been anecdotally associated with a poor prognosis (Haynes 1983, Dixon 1995, Sullivan and Parente 2003). This case series aims to describe the case details, treatment and outcome of 8 horses diagnosed with pDDSP, which were used for a variety of ridden pursuits, and treated using different techniques.
Case histories: 

The 8 cases underwent diagnosis and surgical treatment in 2 different equine hospitals, by 3 different surgeons with expertise in upper respiratory tract disorders. Signalment and use of horses are detailed in Table 1. Five out of 8 horses were known to have undergone previous upper respiratory tract surgery (Table 2). One horse (Case 7) that had previously had intermittent epiglottic entrapment and resection of sub-epiglottic scarred mucosa   had had concurrent pDDSP observed during initial resting endoscopy which had transiently resolved after the sub-epiglottic surgery, but pDDSP recurred approximately 2 months later.  No other horses had a history of previous pDDSP.
Presenting signs had been present for a minimum of 2 weeks and included a cough, particularly associated with eating in 6/8; exercise intolerance in 5/8 and abnormal respiratory noise during exercise in 8/8 horses.  In Cases 2, 3, 4 and 8, conservative treatment consisting of rest, oral antibiotics and NSAIDs (complete details unknown) had been unsuccessfully administered prior to referral. Clinical findings:
Results of endoscopic examination at rest:
Endoscopic examination per nasum at rest showed pDDSP present in all horses, which remained despite several attempts to swallow.  Three horses had ulceration or scarring of the dorso-caudal border of the soft palate.  Case 2 had an approximately 1.5cm diameter circular fistula in the right caudal aspect of the soft palate (Fig 1).   Cases 4 and 6 had concurrent epiglottic entrapment (EE), with the epiglottis permanently remaining ventral to the dorsally displaced soft palate.  Cases 5, 7 and 8 had endoscopic evidence of the previous laryngeal surgeries detailed in Table 2, with grade 4 (minimal) laryngeal abduction post laryngoplasty present in all (Dixon et al. 2003, Fig 2).  Cases 2, 3 and 5 were sedated and 15mls of 2% lignocaine with adrenaline solution1 was applied topically to the caudal border of the soft palate via a trans-endoscopic catheter.  A 60cm curved broncho-oesophageal grasping forceps was used to manipulate the soft palate into a sub-epiglottic position (Fig 3a), and to elevate the epiglottis to inspect its ventral aspect (Fig 3b, Supplementary video 1) in all 3 cases, , and the ventral epiglottic surface appeared normal in all. This procedure was not performed in the other cases, either due to surgeon preference or due to cases being presented prior to acquisition of a set of suitable forceps.    
  
Fig 1: Case 2, with pDDSP and an oro-pharyngeal fistula present in the right caudal aspect of the soft palate, 12 months after soft palate thermocautery. 

Fig 2: Case 5 with grade 4 left laryngeal abduction after laryngoplasty. Evidence of a right ventriculectomy is also present. 
 
Figs 3a (left) : using a set of broncho-oesophageal forceps (arrow) to manipulate the caudal aspect of the soft palate into its normal position (ventral to the epiglottis), and Fig 3b (right)  then to elevate the epiglottis to inspect its ventral surface (Case 5).
All cases underwent endoscopy per os under sedation whilst using a full mouth speculum, with the endoscope either passed within the lumen of a small endo-tracheal tube or held in place in the oro-pharynx by an assistant with a small hand.  Case 1 had a misshapen tip of the epiglottis (Fig 4), Cases 4 and 6 had concurrent epiglottic entrapment (Fig 5) and Case 7 had a thickened epiglottis with a dorsally positioned ulcer and was deemed to have excessive folds of sub-epiglottic tissue present.  Cases 2, 3, 5 and 8 had no additional oropharyngeal abnormalities present.  
In case 1, palpation of the epiglottis per os was performed and attempts to digitally elevate the epiglottis above the soft palate were unsuccessful, possibly due to sub-epiglottic adhesions or to abnormal hyoepiglotticus muscle structure/function that prevented normal dorsal movement of the epiglottic cartilage.
  
Fig 4: endoscopic image taken per os of case 1 showing the misshapen epiglottic tip.
Fig 5: endoscopic image taken per os of case 4 showing the entrapped epiglottis. 

Endoscopic examination at exercise: 
Three horses (Cases 2, 5 and 6) underwent ridden over-ground exercising endoscopic examination, appropriate  for each horses’ normal work regime.  All cases showed pDDSP to be present throughout exercise with much instability of the displaced soft palate. In Case 5, the left-sided laryngoplasty, although minimally abducted, was stable.  
Ultrasonographic examination of the larynx:
Ultrasonographic examination of the larynx was performed at initial presentation in Cases 2 and 3. The bodies of the basihyoid bones were noted to be at subcutaneous depths of 1.1cm and 1.3 cm respectively, and no structural laryngeal abnormalities were noted. 
Treatments and outcomes:
Treatment of concurrent EE:
Cases 4 and 6: These cases with concurrent EE at presentation had  the entrapment  sectioned either under standing sedation  (Case 4) or under general anaesthesia (Case 6) using a hooked bistoury technique as described by Russell and Wainscott (2007).  In Case 4, endoscopic examination 3 weeks after sectioning revealed the entrapment to be fully resolved but pDDSP was still present.  This horse subsequently underwent laryngeal tie-forward surgery as described below.   In Case 6, endoscopy at 3 weeks post-operatively revealed EE to have recurred and pDDSP to still be present.  Resection of the sub-epiglottic mucosa was performed via a laryngotomy under general anaesthesia .  Endoscopy 6 weeks after the second surgery revealed that EE was fully resolved but pDDSP was still present. The owner declined further treatment and the horse was managed as a pasture pet.
Case 7 had EE and mild arytenoid chondritis present during endoscopic examination by the referring veterinarian but when examined after  admission to the hospital, the EE had resolved, indicating a likely intermittent EE. Extensive  sub-epiglottic  mucosal resection was performed  via a laryngotomy under general anaesthesia to prevent recurrence of EE and the horse was treated conservatively for the arytenoid chondritis (4 weeks of antibiotics and NSAIDs).  The pDDSP did not resolve in this case and it underwent tie-forward surgery 3 months later.
Laryngeal tie-forward +/- laser staphylectomy
Six horses (Cases 2-5 and 7-8) underwent laryngeal tie-forward under general anaesthesia as described by Cheetham et al. (2008) using two 7M ultra-high molecular weight polyethylene sutures (Fiberwire, Arthrex2) passed through the caudal thyroid cartilages and hooked around the body of the basihyoid bone.  A bilateral sterno-thyroideus tendon tenotomy was also performed.  All horses were administered pre-operative procaine benzylpenicillin (10mg/kg BID IM, Depocillin3) and gentamicin (6.6 mg/kg SID IV, Genta Equine 10%4) and phenylbutazone (2mg/kg BID PO, Equipalazone5), which was continued for 3 days post-operatively.  One horse had moderate bleeding from the tie-forward site for 3 hours after recovery from anaesthesia, which was controlled with a pressure bandage. 
The day after tie-forward surgery, 3 horses (Cases 2, 4 and 7) no longer exhibited persistent or intermittent DDSP on resting endoscopy.  These horses were discharged from the hospital within 4 days.  Case 3 still had pDDSP following the tie-forward surgery and a laser staphylectomy was then performed under standing sedation and topical local anaesthesia as described by Ortved et al. (2009). Immediately post surgery, the palate assumed and retained its sub-epiglottic position.  Post-operative endoscopy performed by the referring veterinarian 4 weeks following staphylectomy showed continued resolution of pDDSP.  
Case 5 initially showed resolution of the pDDSP at rest after laryngeal tie-forward and was discharged from the hospital. However, after 3 weeks the owner reported loud respiratory noise when exercising.  At rest, DDSP was not present but exercising over-ground endoscopy revealed the soft palate to become displaced and remain so persistently, during walk, trot and canter.  A laser staphylectomy was then performed (Figs 6a-b). The horse coughed more frequently during eating immediately after the staphylectomy and small amounts of food material were observed in the nasopharynx on endoscopic examination (Fig 6c). 
Case 8 (operated on in 2005) showed no improvement after tie-forward surgery and was discharged from the hospital to assess if the pDDSP would resolve with rest.  The pDDSP was still present 2 months later and it then underwent a hyo-epiglotticus muscle sectioning as described below.
    
Figs 6a, b and c: laser staphylectomy in Case 5;  a) (left) the intended line of soft palate resection has been focally marked with the laser and the soft palate is being manipulated with forceps b) (middle)  the right half of the staphylectomy has been completed c) (right) 1 day after the staphylectomy – pDDSP has resolved and small amounts of food material are present in the nasopharynx.
Sub-epiglottic mucosa and hyo-epiglotticus muscle sectioning:
Case 1 was examined prior to publication of the tie-forward procedure (Woodie et al. 2005).    Conservative treatment was attempted initially, consisting of NSAIDs and box rest for 4 weeks followed by pasture turnout for 4 weeks.  Resting endoscopy at weeks 2, 4 and 8 following its initial presentation revealed continuing pDDSP.   At this stage, surgical intervention was attempted.   Case 8 also underwent this procedure after tie-forward failed to improve the pDDSP.  
Under general anaesthesia with a Butler’s gag in place, a digitally held, no.22 scalpel blade was introduced per os and used to make a transverse incision in the sub-epiglottic soft tissues, across the base of the epiglottis , until the cartilage was reached . Although performed blind, this incision appeared to   section the sub-epiglottic mucosa, sub-mucosa and (paried) hyo-epiglottic muscles. After this incision was made, the epiglottis immediately became more mobile, allowing it to be manually positioned above the soft palate. 
Endoscopy the following day in both cases showed the epiglottic outline bulging up against the ventral surface of the soft palate that was still dorsally displaced (Fig. 7a), a feature not previously present.  Horses were maintained on dihydrostreptomycin (15mg/kg IM) with procaine benzylpenicillin (12mg/kg IM BID, Depomycin6) for 3 days and phenylbutazone5 (2mg/kg SID PO, Equipalazone) for 10 days following surgery.  




Figs 7a : post-operative photos of case 1 on day 1 post-operatively and 7b: 3 weeks post-operatively. Note the dorsal bulging of the epiglottis against the soft palate in Fig 7 a) and normal sub-epiglottic position of the palate in Fig 7 b).  There is a small residual fold of tissue on the left side of the epiglottis in b) (arrow), which had disappeared at a later examination.
 Long term follow-up:
Overall, 5 of 8 horses diagnosed with pDDSP went back to their previous level of work.  The other 3 (Cases 6, 7 and 8) were euthanased  4-20 months after the initial diagnosis?.  One of these horses had no specific treatment other than for EE and the other 2 had tie-forward surgery but not laser staphylectomy.
Cases 2 and 5 underwent exercising over-ground endoscopic examination post-operatively at 1.5 and 4 months respectively.  Mild palatal instability and transient intermittent DDSP (1-2 occasions) was still present in both cases (Fig 8b). Case 2 (a racehorse) went on to race 7 times post-operatively, winning one race. Case 5 (a show jumper)  had continued mild pharyngeal contamination with food material (Fig 8a) and was reported to cough when eating, but the owner reported no recurrence of respiratory noise during work.    
Telephone follow up of Cases 1, 3 and 4 at  between 9-18 months post-operatively revealed that all 3 horses were back in work performing at their pre-operative level, but with occasional coughing reported in cases 1 and 4.  
Case 6: 19 months after sub-epiglottic tissue resection via laryngotomy, this horse re-presented with an acute onset, severe cough and a loud respiratory noise, heard at the walk.  There was generalised swelling of the laryngeal region on external palpation. Endoscopy showed pDDSP and generalised laryngeal inflammation, including peri-laryngeal oedema and bilaterally reduced mobility of the arytenoids and vocal folds . There was an abnormal tract at the site of the previous laryngotomy (Fig 9). Radiographs showed marked and widespread, abnormal calcification of the cricoid cartilage (Fig 10), which additionally, was extremely irregular and hyperechoic on ultrasonographic examination.  The horse was euthanased when a 3 week course of antibiotics and NSAIDs yielded no clinical improvement.
Case 7 was a particularly complicated case and had undergone previous laryngoplasty and ventriculocordectomy,   sub-epiglottic resection for EE prior to tie-forward surgery and also had  arytenoid chondritis. This horse remained dysphagic with nasal discharge containing food material and was euthanased 4 months after the tie-forward surgery, despite initial resolution of pDDSP Endoscopy was not performed again after discharge from the hospital. Case 8 did not show resolution pDDSP after tie-forward surgery, hyoepiglottic myotomy or laser cautery of the caudal soft palate and was euthanased after several months due to ongoing clinical signs.
 
Figs 8a and 8b Case 5, exercising endoscopy 4 months post tie-forward and laser staphylectomy - a) (left) there is mild pharyngeal contamination with food. b) (right): Intermittent DDSP was seen on one occasion at the trot – the caudal border of the palate appeared to have healed well.
   
Figs 9: Case 6, 19 months after sub-epiglottic resection showing pDDSP, laryngeal inflammation and a suspected tract (arrows) at the previous laryngotomy site. 

Fig 10: Lateral radiograph of Case 6, 19 months after sub-epiglottic resection showing widespread, marked abnormal calcification of the cricoid cartilage.  Peri-laryngeal oedema of the soft tissues was can be seen as soft tissue thickening dorsal and ventral to the larynx.
Discussion:
Many cases of pDDSP are reported to occur secondary to pharyngeal and laryngeal disorders which prevent the epiglottis from assuming its normal intra-narial position.  These include abnormalities of epiglottic size or rigidity, epiglottitis, the presence of sub-epiglottic or intra-palatal cysts, EE, oro- and nasopharyngeal foreign bodies, and pharyngeal cicatrisation or paralysis (Lane 1993, Hawkins and Tulleners 1994, Dixon 1995).  Previous sub-epiglottic surgery has been reported as a common prequel to pDDSP, as was observed in Case 1. Three cases with pDDSP  and concurrent EE  did not resolve their pDDSP, despite successful treatment of the entrapment  (Cases 4, 6 and 7).   Laryngoplasty with ventriculocordectomy also appears to be a risk factor for development of pDDSP, as found in 3 cases in this series, and previously reported by 1/41 horses after laryngoplasty by Barnett et al. (2014).
The horse with the palatal fistula (Case 2) was an interesting case.  Palatal fistulas have been reported anecdotally as a complication of soft palate thermocautery.  This horse had nasopharyngeal endoscopy performed by the referring veterinarian prior to, but not after palatal thermocautery. After palatal thermocautery, it raced successfully, being placed in 4 out of 6 races – presumably with the fistula present.  Poor performance was only reported in the 2 races prior to presentation to one of our hospitals.  After laryngeal tie-forward surgery, it again raced successfully despite having no treatment for the fistula.  It is therefore hard to draw conclusions regarding the relationship between the palatal fistula and development of pDDSP, or the effect of a palatal fistula on racing performance. 
 Historical treatments for permanent DDSP include staphylectomy and sternothyrohyoideus myectomy, but the prognosis is guarded after these surgeries (Haynes, 1983).  The laryngeal tie-forward procedure was developed by the Cornell group initially for treatment of intermittent DDSP (Woodie et al. 2005), and 4 years later was described for treatment of pDDSP in 15 horses (Ortved et al. 2009).  These authors reported that 7/15 cases of pDDSP resolved with a tie-forward alone and the other 8 horses later had  laser staphylectomy, with 13  of these 15 horses returning to racing.(Ortved et al. 2009).
In this case series, the tie-forward surgery proved successful alone in 3/6 cases in which it was performed, with another 2 of these  6 cases responding favourably  following additional laser staphylectomy.   The remaining horse (case 8) did not have laser staphylectomy performed after tie-forward because the case pre-dated the work performed by Ortved et al. (2009), and it is possible that staphylectomy may have resolved the pDDSP in this case.  Case 7 was euthanased due to continuing dysphagia after tie-forward surgery.  This horse had undergone a left laryngoplasty plus ventriculocordectomy, sub-epiglottic mucosal resection, and had evidence of arytenoid chondritis prior to a tie-forward for pDDSP.  It is possible that some or all of these surgical interventions and disorders could have contributed towards the continuing dysphagia.  
 Although this a smaller case series than that of Ortved et al (2009),  these results support their findings that the tie-forward technique represents the best treatment currently available for pDDSP in a wide variety of work disciplines, and is associated with few complications. In Case 6, it is possible that the pDDSP that persisted after sub-epiglottic resection would have resolved had we performed a tie-forward procedure. However,  as this case  also had a chronic laryngeal infection with a sinus tract,   and it is likely that implantation of non-absorbable braided suture material (for the tie-forward) in an infected site would have resulted in an overt surgical failure, and the long term result would have been similar.  
This was a retrospective study and we did not routinely perform pre- or post-operative radiographs in horses undergoing laryngeal advancement surgery.  These would certainly have provided us with useful data regarding laryngo-hyoid positioning in our patients.   Only 2 horses had laryngeal ultrasound prior to surgery and post-operative measurements were not taken, so it is impossible to draw any conclusions from these. 
The risk of  dysphagia  following  staphylectomy are significantly greater than for tie-forward surgery, and one horse in this series experienced nasopharyngeal contamination with food after laser staphylectomy.  It is possible that too much tissue was removed from the caudal border of the palate in this horse, although no obvious defect could be observed endoscopically, and it is likely that with increasing experience of this technique, this complication might occur with lower frequency.   
We performed a sub-epiglottic releasing incision in cases 1 and 8 of this case series, primarily because we felt there were adhesions or abnormal hyo-epiglotticus muscle tone preventing normal dorsal elevation of the epiglottis. At the time of treating these cases, the tie-forward procedure had not been developed (Case 1, seen in 2000) or the laser staphylectomy had not been described (Case 8, seen in 2005).  This sub-epiglottic releasing surgery was only successful in 1 of these cases.   With only 2 cases undergoing this intervention, it is hard to draw firm conclusions as to the efficacy and safety of this surgery, and our preference now would be to perform tie-forward surgery in the first instance, followed by staphylectomy if that is unsuccessful.  The sub-epiglottic incision in these two cases was  performed blind. An alternative approach would be to section the hypoepiglotticus muscle under endoscopic guidance using a laparoscopic scissors or similar.   Sectioning of sub-epiglottic adhesions and hyo-epiglotticus myotomy rather than myectomy may not be a good long-term solution because adhesions may re-form and the cut muscle ends may adhere together with fibrous tissue.  Although case 1 was reported to be free of clinical signs at 12 months post-operatively, we have no longer-term follow up. 
In summary, this case series suggests that laryngoplasty plus ventriculorcordectomy as well as surgery for epiglottic entrapment may be a risk factor for development of pDDSP.  The laryngeal tie forward +/- staphylectomy in on-responsive cases appears to be the most useful techniques for managing the disorder.  In horses with concurrent EE and pDDSP, successful treatment of EE does not necessarily resolve the pDDSP. 
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Case number	Age / Gender	Breed /Use
1	20 y.o. gelding	TB/General riding
2	5 y.o. mare	TB/flat racing
3	19 y.o. gelding	TBX/hunting
4	8 y.o. gelding	Connemara/ general riding
5	8 y.o. gelding	WB/showjumping
6	13 y.o. gelding	Irish draught x TB/ general riding
7	13 y.o. gelding	WB/ general riding
8	6 y.o. gelding	WB x TB/ unknown
Table 1: Signalment and use of cases 1-8. TB = Thoroughbred. WB = Warmblood.
Case no.	Previous URT abnormality	Previous surgery(ies)	Time since previous surgery	Concurrent URT findings 	TF	Staphyle-ctomy	SE/HM	Out-come
1	EE 	Midline division ofentrapping folds with bistoury	24 months	None	-	-	+	Rtn to work
2	DDSP (presumptive diagnosis)	Soft palate thermocautery	12 months	Soft palate fistula	+	-	-	Rtn to work
3	None	-	-	None	+	+	-	Rtn to work
4	None	-	-	EE	+	-	-	Rtn to work
5	RLN	LP, bilateral AEFR and Ve, left VC	Unknown	Evidence of previous surgeries	+	+	-	Rtn to work
6	None	-		EE	-	-	-	Euthanased
7	RLNIntermittent EEMild arytenoid chondritis	LP, Ve and VCSub-epiglottic resection	3 months post sub-epiglottic resection	Mild arytenoid chondritis	+	-	-	Euthanased
8	RLN	LP, bilateral Ve, left VC	Unknown	Evidence of previous surgeries	+	-	+	Euthanased
Table 2: Concurrent URT abnormality = at time of presentation for pDDSP. EE = epiglottic entrapment, DDSP = dorsal displacement of the soft palate, RLN = recurrent laryngeal neuropathy, LP = laryngoplasty, AEFR = ary-epiglottic fold resection, Ve = ventriculectomy, VC = vocalcordectomy. TF = tie forward, SE/HM = sub-epiglottic incision/hyoepiglotticus myotomy, Rtn = returned.




